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SAN ANTONIO VETERANS ADMINISTRATION
HOSPITAL SMOKE MOVEMENT STUDY

Francis C. W. Fung and Richard H. Zile

A series of full-scale smoke movement experi-
ments was conducted using a sulfur hexa-f luoride
(SFg) gas tracer, smoke simulation system. The
experiments were designed to study smoke movement
in a hospital building with an interstitial space
between floors. The penetration of smoke through
ceiling and interstitial space and the vertical
smoke movement in such a building were investigated.

Key words: Experiments; full-scale; gas tracer;
interstitial space; penetration through ceiling;
smoke movement; smoke simulation; sulfur hexa-
fluoride (SFg) ; Veterans Administration hospital.

1. INTRODUCTION

An entensive series of full-scale smoke movement experi-
ments was conducted using a sulfur hexa-fluoride (SF^) gas
tracer, smoke movement simulation system. The experiment was
designed to study systematically the effect of various key
variables on smoke movement in the San Antonio Veterans Admin-
istration (VA) Hospital. Air from a "burn-room" was mixed
with a predetermined percentage of SFg tracer gasl and
heated to a temperature of 5 "C (9 "F) above the corridor
temperature. The subsequent spread of tracer gas through
the building was monitored.

The hospital has a total of seven floors above grade as
shown in figure 1, the elevation sketch. Between each num-
bered floor there is an interstitial space as shown. The
first two floors are divided into six zones labeled A to F as
shown in figure 2. The tower portion of the building extends
from the third to the seventh floor. Its location in rela-
tion to the first two levels is shown in figure 3.

SF5 was chosen as a tracer gas because of its electron cap-
ture property for detection, as well as being odorless,
colorless and stable.
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2. EXPERIMENTAL PROCEDURE

In tests 1 to 7 smoke was simulated by the release of
the SFg tracer gas in a closed room without any forced flow.
In tests 8 to 11 smoke was simulated by a net airflow of
19.6-22.4 m^/min (700-800 ft^/min) from a room designated as
the "burn-room". This pressurized airflow simulated the out-
flow from a small fire slightly larger than a household fire-
place fire. The range of reference concentrations of the SFg
tracer gas^ in the air from the burn-room was from 100-150
parts per billion (ppb) . Altogether, 11 simulations were
tested

.

Prior to the beginning of each experiment, the simulated
burn-room air was preheated to a temperature of approximately
26.6 °C (80 ^F) by an electric heater with a capacity of 1,650
watts. In tests 1 to 7 no fan was used to pressurize the
burn-room. For tests 8 to 11 a window box-type fan, installed
in the corridor door, was used to force the preheated air from
the burn-room into the corridor. A cardboard mask was in-
stalled in the corridor doorway to allow air from the burn-
room only to be channeled through the fan. The measured
airflow through the fan was approximately 19.6-22.4 m^/min
(700-800 ft^/min) with an ' average pressure of 1-1.5 N/m^
(0.04-0.06 inch) water pressure across the fan.

At time zero a standard lecture-size bottle of SFg gas
located in back of the fan on the room side was turned on to
deliver a predetermined amount of SFg to be mixed with the
burn-room air supply as it passed through the fan. The infil-
tration of SFg gas into the rest of the building was then
traced by sampling at designated floors and locations.

Flow rates across the fan were determined from average
velocities. Velocity measurements were performed by using a
thermo-anemometer with a low range of 30-150 m/min (100-500
ft/min) and a high range of 150-360 m/min (500-1,200 ft/min)

.

Average velocities were obtained by making a traverse of 9

points across the fan.

Occupational Safety and Health Administration (OSHA) concen-
tration limits of SFg is 1000 ppm as set forth in the
Federal Register, Vol. 36, No. 137, August 13, 1971.

3. INSTRUMENTATION

3.1. Flow Rate Measurements
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3.2. SF^ Gas Metering

The continuous release of SF, gas was metered by a ball-
type flow meter with a range of 1.5 to 15 cc/hr (0.05 to 0.5
ft^/hr. In each test a slight turn of the needle valve un-
seated the ball to a position registering approximately .3
cc/hr (0.01 ft^/hr) . This range of metering of SFg, diluted
with approximately 22.4 m^/min (800 ftVniin) airflow from the
burn-room, usually leads to a burn-room SFg concentration of
the order of 150 ppb. We have found this concentration of SF^
to be quite acceptable for our experimental requirements since
the gas analyzer can detect a concentration of 1 ppb. This
means that the relative concentration of SF^ in relation to
the burn-room SF^ concentration can be measured to one part
in one hundred. Additional accuracy of the normalized measure-
ments can be obtained by raising the burn-room SFg concentra-
tion. However, an increase of burn-room SFg concentration
leads to a corresponding increase of the purge time between
experiments, since the decay of the released SFg in the build-
ing is exponential with respect to time.

3.3. SFg Analysis

SFg samples captured by syringes were analyzed by a

portable gas chromatograph having an electron capture cell
fitted with a 300 mc radiation source. The response of the
instrument to SF^ is exponential and the usable range is

between 1 and 1,000 ppb. If dilution of samples was necessary,
the usual syringe technique was used.

3.4. Pressure Measurements

Static pressures were measured by a Magnehelic pressure
gauge of 0.25 to 12.5 N/m^ (0.01 to 0.5 in EM range.

4. EXPERIMENTAL RESULTS - TESTS 1 to 7

4.1. Test Conditions of Tests 1 and 2

The objective of these two tests was to evaluate smoke
penetration through a ceiling from the burn-room directly to
the corridor. Thus, in these two tests the door of the
simulated burn-room was closed and the perimeter of the door
was sealed off with duct tape. Inside the simulated burn-room
an electric heater with a capacity of 1,650 watts was used to
raise the room air temperature thus simulating an equivalent
small energy fire.
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For both tests 1 and 2 the burn-room was Room C153, a
patient bedroom (see fig. 4) . This room was served by a fan
coil unit mounted in the ceiling. A separate air handling
unit supplied conditioned outside air at the return duct
connecting to each fan coil unit. Exhaust from the room was
through a grille located in the connecting toilet room. The
exhaust fan duct work serves multiple toilet rooms. Both'
tests were conducted with fan coil units running, outside
supply air unit running and exhaust fan running. The pent-
house fans which exhaust air from first floor interstitial
space over the burn-room were turned off as a normal opera-
tion. Table 1 summarizes the burn-room configurations tested.

;r; ' ; : , 4.2. Results of Tests 1 and 2

Results of tests 1 and 2 are shown in tables 2 and 3.

In test 1 up to 12 minutes of test time, not a trace of SFg
was detected in the corridor in front of the burn-room. In
test 2 it was decided to take off three ceiling tiles from the
burn-room ceiling to simulate an opening above the ceiling.
Results of test 2 indicated again, that for up to 10 minutes
SFg did not directly infiltrate the corridor through the burn-
room ceiling. SFg was detected in Room C151 (see fig. 4) at

11 minutes. No SFg penetrated the ceiling of Room C155 on

the other side of the burn-room. (Rooms C151 and C155 are
adjacent to the burn-room C153.) Room C151 had a ceiling of
acoustical tiles while Room C155 had a plastered ceiling.
This indicated that SFg did move into the interstitial space
through the opening created by the removal of the three
ceiling tiles and contaminated Room C151 next door. However,
no trace of SF^ was observed in the corridor.

4.3. Test Conditions of Tests 3 to 7

In view of the findings from the previous two tests, that
there was no passage of SFg through the burn-room ceiling to
corridor, the following tests were planned. The objectives of
this series of tests were:

1. To find the extent of involvement of the interstitial
space in smoke movement.

2. To find other paths by which smoke could leave the
burn-room and infiltrate the rest of the building.

For tests 3 through 7, the burn-room was Room C134, a
doctor's examination room (see fig. 4). The room is served
from a central air handling unit which has a fixed amount of
outside air and return air. The room contains one supply and
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one return grille. The air handling unit serving this room
also serves other rooms as well as adjacent corridors, there-
fore, any return air picked up from this room or adjacent
spaces is recirculated to all spaces. To test the room, the
supply and return grilles were taped off according to the
schedule shown in table 1, to obtain the desired airflow and
room pressure. In all tests, except test 5, the supply and
return air handling unit was in operation. Therefore, any
smoke which got out of this room could be recirculated through
the system to other areas. Except for tests 6 and 7, the
interstitial space exhaust fans for the interstitial space
over the burn-room were turned off.

4.4. Results of Test 3

In test 3, the burn-room door was sealed off, but both
the supply and return air systems were in normal mode and
grilles were open. The measuring stations for SFg were
interstitial space directly above the burn-room and corridor
space under the exhaust grille opening which interconnects
with the burn-room. At four minutes, a steady SF^ concentra-
tion of 2.3% of burn-room concentration was detected in the
corridor. Readings taken in the interstitial space directly
above the burn-room showed a gradual increase of SF, concen-
tration to 11.3% of the burn-room concentration at x5 minutes.
All SF, concentrations measured in ppb are tabulated as nor-
malized percent of burn-room concentration and shown in table
3 .

4.5. Results of Test 4

In test 4, the basic test 3 configuration was changed by
taping off the return air grille in the burn-room. Together
with the taped-off burn-room door condition, this allowed the
supply fan to pressurize the burn-room. Results of this test,
as tabulated in table 5. The measuring stations were again
same as test 3. In this case, we noticed a drastic drop in
contamination in the corridor, and a substantial increase in
contamination in the interstitial space above the burn-room.
This is considered to be due to the pressurized burn-room
forcing the SF, to go through the leaks around the ceiling
tiles. Since the return grille in the burn-room was closed
off the small amount of SFg passage via the exhaust duct could
indicate a small amount of leakage into the exhaust duct in
the interstitial space. At the end of 10 minutes test time, a
steady-state appeared to occur at the two measuring stations.
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4.6. Results of Test 5

In test 5, we continued to explore the paths of smoke
migration from a room. In this test, the variation from test
4 was that we taped off the supply air grille as well as the
return grille. In this case, the measured data indicated that
out in the corridor under the communicating corridor return
grille opening no contamination of the corridor was detected
up to 20 minutes. Contamination of the interstitial space was
again noted. However, comparing tests 4 and 5, one finds that
the movement of smoke into the interstitial space was more
rapid when supply is on and return is taped off (thereby
pressurizing the room) , and more gradual when both supply and
return were taped off. The in-between case is when both
supply and return were normal as in test 3.

4.7. Results of Tests 6 and 7

In tests 6 and 7, the condition of a partially burned-out
ceiling was simulated. It was decided in test 6 to produce a
ceiling opening with a dimension of 0.3 xO. 3m (1x1 ft) in
the burn-room. In test 7, three ceiling tiles, each of dimen-
sion 0.45 X 0.'6 m (1.5 x 2 ft), were removed in the burn-room.
This was an attempt to simulate a more severe fire condition.
In addition, in both of these two tests, the supply was on and
the return was taped off to produce the maximum smoke movement
through the ceiling possible with the system. In both tests
the interstitial exhaust fans were turned on. Two measuring
carts were employed for these tests. One was stationary and
one was moving. The stationary cart was located in the corri-
dor in front of the burn-room. Results of test 4, imply that
under the above test conditions contamination of the corridor
may be insignificant. Thus, it was decided to open a ceiling
space 30 x 15 cm (24 x 6 in) right above the stationary instru-
mentation cart to create an additional passage of connection
with the interstitial space. The mobile instrumentation cart
was moved to the second level above the fire floor and during
the test it was made to traverse the entire second floor.
Tables 7 and 8 tabulate the results with the location of the
second floor sampling points designated by room numbers and
locations

.

The concentration readings picked up in the corridor were
significantly higher than in the previous tests. This is
attributed to the 30 x 15 cm (24 x 6 in) ceiling opening in
the corridor that was purposely set up for these 2 tests.

The smoke concentration directly above the burn-room at
the second floor passed the 1% level at 14 minutes for test 6

and for test 7 this took place at 10 minutes. Since all
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variables were the same in the
ing opening in the burn-room i

contributing factor in causing
second floor.

se two tests, the larger ceil-
n test 7 must be taken as the
faster smoke migration to the

5. CONCLUSIONS FOR TESTS 1 TO 7

The first 7 tests, were suggested by the VA to inves-
tigate smoke penetration from a room to a corridor through a
ceiling. It is noteworthy to point out that even with the
ceiling open as in tests 6 and 7, it took 10 minutes before
smoke penetrated the next level. This time delay in smoke
travel is attributed to the interstitial space separating the
occupancy levels. Thus, one can conclude that the intersti-
tial space is acting as a smoke sink, particularly if the
interstitial space is m.aintained negative by exnaust fans.
This will become more obvious as we describe our vertical
smoke movement studies.

In tests 1 to 7 , to isolate the ceiling smoke propaga-
tion, we taped the door perimeter with duct tape to prevent
leakage through the doorway. We then experimented with dif-
ferent ventilation and ceiling opening parameters. Our first
seven test results can be concluded as follows:

1. Smoke movement from a room with a sealed door is
primarily by leakage through the room's ceiling tiles.

2. Rooms with acoustical tile ceilings permit smoke to
penetrate while plastered ceilings are more effective
barriers against the penetration of smoke (test 2)

.

3. Smoke that passed into the interstitial space was
diluted and dispersed. Due to the large volume of
the interstitial space, it served as an effective
smoke sink, particularly if the interstitial space
is maintained slightly negative with regards to the
spaces below by exhaust fans in the interstitial
space.

4. By virtue of the buoyance effect and the storage
capacity of the interstitial space, smoke that pene-
trated through the acoustical tile ceiling did not
return and repenetrate the ceiling to contaminate
the corridor unless the corridor ceiling was opened
up by removing portions of the ceiling tile.

5. For those rooms having a return air connection to the
air handling system, the smoke will be picked up from
the fire room and rapidly recirculated to the corridor
in front of the fire room even though the room door
is closed (see results of test 3).



6. Even though the interstitial space acts as an effec-
tive smoke sink, the room directly above the fire
room may become quickly contaminated with smoke
(see results of tests 6 and 7). The mechanism by
which smoke penetrates these upper rooms may be via
improperly caulked holes (fire stopping) around the
plumbing fixtures in these upper rooms. In tests 6

and 1, the exhaust fans for the interstitial space
in operation. Even so, the SFg penetrated the
rooms on the second floor directly over the first-
floor fire room in significant amounts. It is
possible, if the interstial space fans had a higher
capacity, this contamination of the rooms on the
second floor may have reduced or eliminated.

6. EXPERIMENTAL RESULTS - TESTS 8 to 11

6.1. Test Conditions of Tests 8 through 11

In tests 8 through 11, the objectives were to simulate
smoke movement vertically and horizontally throughout the
entire hospital. In these cases, we simulated a burn-room
fire and allowed the smoke to leave the burn-room by way of
the ceiling as well as the burn-room doorway. To enhance the
smoke exit from the doorway, we pressurized the doorway by
using a window box-type fan. The doorway was masked through-
out except for a cut-out for the fan. This fan generated a
flow of approximately 19.6-22.4 m^/min (700-800 ft^/min) and a
pressure difference of 1-1.5 N/m^ (0.04 to 0.06 in H2O)

.

Exact flow and pressure values for each test are tabulated in
table 1. The other burn-room test variables are listed also
in table 1. Burn-room location and test results are tabulated
in tables 9 to 12. For these tests, the two mobile units
carrying the SFg detector instruments were moved around to
obtain time-dependent smoke profiles of the building. Moni-
toring locations for each measured value are tabulated next to
each measurement in tables 9 to 12.

6.2. Results of Test 8

In test 8, the burn-room was located in the first floor
Room C134 (see fig. 4) . The room air control was in normal
mode. The burn-room was heated to 25.6 °C (78 ^F) and the
doorway pressurized to 1 N/m^ (0.04 in) overpressure with
an average outflow of 21.6 m^/min (770 ft^/min) . One instru-
ment cart was located on the first floor and the other was
located on the second floor. During the test measurements on
the fire floor indications were that smoke was mainly confined
to the C wing and E wing (see fig. 2) . Up to 19 minutes the
out-patient area in A wing had no detectable smoke and the
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smoke concentration in the D wing at 26 minutes was only 1.6%
of burn-room concentration. Due to the locked smoke barrier
doors, conditions inside of C wing right above the first floor
could not be ascertained. Later tests would give us the
chance to evaluate conditions right above the fire floor and
on the vertical smoke movement. But results of this test,'
when compared to tests for other buildings without the inter-
stitial spacing indicated much less horizontal smoke movement
in this case. Actually, except for the area immediately sur-
rounding the burn-room, e.g., the C wing, the second floor was
smoke-free up to 2 9 minutes at which time SFg began to show up
outside of C wing.

6.3. Results of Test 9

In test 9, the burn-room was located on the third floor
in Room B318 (see fig. 4) . The burn-room air handling opera-
tion was in normal mode. The air temperature in the burn-room
was raised to 26.7 °C (80 °F) and the burn-room doorway was
pressurized to 1.5 N/m^ (0.06 in) water overpressure with an
outflow of 19.2 m^/min (685 ft^/min) . The objective of this
test was to study the vertica.1 smoke movement in the tower.
One of the instrument carts was stationed on the third floor
and making rounds on that floor for sampling, the other in-
strument cart was making rounds on the 4th floor and followed
the smoke movement to the 5th, 6th and 7th floors later.

A study of the third floor measurements, where the burn-
room was located, indicated that the highest smoke readings
outside of the burn-room were recorded in B300, the floor
dispatch room, and the main elevator shaft. This implies
movement of smoke through those shafts. Interesting enough,
measurements in stairwells 1 and 2 were quite low indicating
little smoke contamination of these two shafts. This phenom-
enon was confirmed in test 10. It was found in our simulation
experiments that smoke will move in limited streams channeled
by air handling units and pressure differences caused by ver-
tical shafts. In some cases, it is an obvious situation of
smoke taking to the nearest vertical shafts as demonstrated by
this and other tests.

Measurements from the upper floors for test 9 are pre-
sented in table 10. Examination of the data shows that a
small SFg trace of between 0.2 to 0.3% of burn-room concen-
tration was detected on the fourth floor area up to 27 minutes.
At 28 minutes, the concentration in the intensive care unit
directly above the burn-room was only 0.5%. Through the
entire test the maximum upper level SF^ concentration recorded
was 1.5% inside stairway 1 at 37 minutes. The next highest
reading was 1.4% inside the 6th floor elevator at 55 minutes.
Most other floor area measurements during the entire test of
60 minutes were below the 1% level.
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6.4. Results of Test 10

Test 10 was, again, conducted with burn-room in Room C318
(see fig. 4). This time a larger airflow of 23.4 m^/min (835
ft^/min) was measured across the burn-room doorway. This
effectively simulated a larger fire compared to test 9. The
burn-room temperature was again raised to 26.7 °C (80 °F)

.

The measurements for test 10, were concentrated to the fire
floor, the floor immediately above it and the 6th and 7th
floors. A comparison could be made between tests 9 and 10.
Generally, it is interesting to note that the trend of both
tests were very similar indicating reproducibility of the SFg
technique.

Measurements from test 10 exhibit a slightly higher
reading as expected because of the higher burn-room airflow
output. From table 10, it is interesting to note that the SFg
which infiltrated the vertical shafts did not contaminate the
fourth floor at all up to 41 minutes. Instead, the smoke
noved on up through the vertical shafts and showed up at 6th
and 7th floors. Again, as in test 9, all measurements of SFg
on the 6th and 7th floor areas were significantly below 1% of
the burn-room concentration. The only readings that exceeded
1% were measured either inside vertical dispatch shaft or
stairwell and elevators. Figure 5 shows a time history of SFg
concentration at the sixth floor stairwell and A wing nurse
station. The highest stairwell reading at the 6th and 7th
floor levels was 1.4%. A 2.1% SFg concentration was measured
at 7th floor, but that was taken from the vertical floor
dispatcher shaft. All the measurements point to below a 1%
concentration in all surveyed floor areas except the fire
floor. Even in stairwells, all readings were below 1% as in
the neighborhood of 1%. Readings above 1% were recorded in
the elevator shafts or elevator cabs. These low readings are
in contrast to our high-rise smoke simulation experiences
encountered with other buildings [1,3].

3

' 6.5. Results of Test 11

In test 11, the burn-room was on the first floor in Room
C134. The burn-room door was not pressurized by the box fan
as in previous tests. Instead the burn-room door was left
closed to simulate early fire when the door was still intact.
In this case, smoke leakage will be through the door gaps and
ventilation, openings. This represents a less severe situation
compared to tests 8, 9 and 10. The burn-room temperatures

Numbers in brackets refer to the literature references
listed at the end of this paper.
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were heated up to 2 6.7 °C (80 °F) and the outside temperature
was 15.6 °C (60 T) . The smoke barrier door isolating C wing
was closed after starting test. After commencement of testing
one instrument cart was stationed on the other side of this
smoke barrier door to monitor smoke infiltration from the C
wing. The second instrumentation cart was on the second floor
making rounds including areas right above the burn-room.
Measurements for this test are presented in table 12. On the
first floor penetration of smoke across the C wing barrier
door was almost immediate. A 1.9% of burn-room concentration
was picked up across the smoke barrier door at 3 minutes, at
10 minutes this concentration rose to 23.9%. This buildup of
SFg concentration across C wing smoke barrier door is pre-
sented in figure 6. Elsewhere on the first floor smoke
showed up in the E wing and E wing elevator. This was prob-
ably due to the recirculation of the smoke by the air handling
system as opposed to passage of the smoke through the smoke
barrier doors. Away from the fire area, e.g., the F wing and
the outpatient area no contamination was recorded (fig. 2).
Measurements in the interstitial space above the 1st floor
indicated significant contamination. At 64 minutes, intersti-
tial reading of 27.3% was recorded immediately above the burn-
room and 12.9% above the C wing away from the burn-room.
Despite this intensity of SF^ in the interstitial space,
contamination of the second floor was minimal as shown by
values in table 12. At 40 minutes, the second floor maximum
SFg concentration was only 1.3%. This was taken in the room
directly above the burn-room. This seems to confirm again,
that the interstitial space did indeed serve as a smoke sink.

7. CONCLUSIONS FOR TESTS 8 to 11

In order to review the results of tests 8 to 10, it is
appropriate to discuss our smoke simulation parameters in
terms of actual fire parameters, e.g., energy output, gas
outflow from a room fire and overpressure buildup by a room
fire. For this discussion we shall make extensive use of the
formulas derived in [1] . For a detailed derivation of these
formulas one can refer to section 2, reference [1].

To recapitulate, for tests 8 to 10, our smoke simulation
parameters were 19.6-22.4 m^/min (700-800 ft^/min) outflow
from the burn-room, 1,6 50 watts energy input due to the
electric heater, and an average overpressure of 1 N/m^ (0.04
in) water pressure across a 0. 6x0. 6m (2x2 ft) fan. For
a ventilation controlled fire in a room, our 19.6 m^/min
(700 ft^/min) outflow according to formula (10b) in [2]

yields a simulated burning rate of 3.6 kg/min (8 Ib/min) for
a low temperature fire. However, for a high temperature fire.
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say a burn-room with average temperature 500 °F , our 19.6
m^/min (700 ft^/min) will then simulate a burning rate of
1.8 kg/min (4 Ib/min) . According to formula 12 in [1] the
simulated parameter of 1 N/m^ (0.04 in) water pressure across
a0.6x0.6m (2x2 ft) opening can readily match the pres-
sure of a room fire with a burning rate of 1.35 kg/min (3

Ib/min)

.

In a series of ventilation controlled burn-room experi-
ments involving four 18-kg (40 lb) wood cribs conducted at the
National Bureau of Standards [2] , typical recorded burning
rates were 1.35 kg/min (3 Ib/min) maximum and 0.9 kg/min (2

Ib/min) steady for each vigorously burning crib. Thus, our
simulated airflow and overpressure can match 18-kg (40-lb)
vigorously burning wood cribs, burning at about 1.35 kg/min
(3 Ib/min) . This leaves the last important simulation para-
meter, energy output, remaining in question. Taking all into
consideration the only feasible way to increase our simulated
fire load would be to increase our energy input. Without
actually starting a fire the practical limitation would, of
course, in this case be the limited current capacity of
conventional hospital wiring. Incidentally a 1,650-watt
electric heater consumes approximately 15 ampere which is a
hefty current in available hospital room wiring. As a result
of the present series of experiments, within the range of our
simulation parameters, we can make the following conclusions:

1. This series of smoke simulation experiments demon-
strated that given a low-order fire in a room where
the air from the room is exhausted to the outside
and not recirculated, the smoke from the fire will
be confined to the room and the interstitial space

' above the room (see tests 1 and 2 in Room C153)

.

Where the room's air is returned and recirculated
,

. through the air handling system, the smoke from the
fire in the room will be recirculated to all parts
of the building served by the air handling system

- unless some means are used to isolate the burn-room
from the air handling system at the onset of the
fire (see tests 8 and 11 for Room C134)

.

2. Both vertical and horizontal smoke infiltration were
not extensive at this hospital compared to similar
simulation experiments performed at other high-rise
buildings (with the exception of the comments above
in 1. relating to the air handling system). However,
the tests reported herein were conducted under mod-
erate weather conditions. As a consequence, there
was negligible stack effect within the building.

12



3. Results from experiments 9 and 10 point to the inter-
stitial space as the single factor in smoke infil-
tration reduction by serving as a smoke absorbing
void or "smoke sink."

4. Test 11 shows that smoke barrier doors may not be
effective if an air handling system serves areas on
both sides of the smoke barrier though it could not
be determined how much of the contamination was due
to smoke passing through the smoke barrier doors.
This points up the necessity of matching the posi-
tion of smoke barrier partitions and doors with the
area covered by the air handling system using recir-
culated air; or to put it another way, all penetra-
tions through smoke partitions must be protected
against the passage of smoke.

5. From the information provided to us, it appears
that it is not possible to program the recirculating
air handling systems in the VA Hospital, San Antonio,
to accomplish area pressurization or exhaust to con-
trol the movement of smoke in the hospital. Thus,
it would appear that if extensive smoke movement
throughout the hospital is to be avoided under fire
conditions, something will have to be done to effect
shutdown of the recirculating air handling systems
in the fire area, either manually or automatically,
at the time of the fire emergency. Additionally,
the provision of smoke-actuated dampers in these
ducts penetrating the smoke barrier partitions may
be necessary.

6. It is our understanding that of the seven intersti-
tial spaces in the hospital, only the space over
the first floor is provided with positive exhaust.
While the interstitial spaces do function as "smoke
sinks," their effectiveness could be greatly enhanced
if all the interstitial spaces had positive exhaust.
Further, their effectiveness could be enhanced even
more if the interstitial spaces were provided with
large capacity exhaust fans that could be actuated
either manually or automatically in the event of
fire.

13



8. REFERENCES

1. Fung, F. C. W. , Evaluation of a Pressurized Stairwell
Smoke Control System for a 12-Story Apartment Building,
Nat. Bur. Stand. (U.S.), NBSIR 73-277 (June 1973)

2. Fung, F. C. W. , Suchomel, R. M. and Oglesby, P. L. , NBS
Corridor Fire Tests: Energy and Radiation Models,
Nat. Bur. Stand. (U.S.), Tech. Note 794 (Oct. 1973)

3. Fung. F. C. W. and Zile, R. , Evaluation of Smokeproof Tower
and Smoke Detector Performance, Nat. Bur. Stand. (U.S.),
NBSIR 75-701, Final Report (Sept. 1975).

USCOMM-NBS-DC

14



15



16



17





19



20



m
c
o
-H

«

3
o»
•H
<J-I

c
o
u
£
o
o
c:

c
V4

D
CQ

S

c
o
*i
c
<
c
«

«

n

e s n
h O -U

O 0 «J

C9 Ci (!)

ID

u c
O (0

c
HI

(D C -iJ

W C OCOS
M O Q

c
I o

O -H 4J

Q O «
IS O "H

CS 3
O

c m
^ 3
3 (8

O X
es K

< 3
tn

u
o c
O (8

I

c e nMOO
3 0 0ado

m 0
G 2

aw
(3 c

• •

•

a u
•

0 0
m 0 • 00 to -a 0 M — 0 K

!N .

— U • r: j-j • T- rQ ,

c c : U CS r 0 CS : OS
•H "tf rs . 0 n • ir V) .

C l-l c 0 C 0 e 0 m ca
•H , g • B • 0

a c G c II 0 HOT! li M -o
c U 0 U G d, u 0 CL u 0 a, u 0
n a a 0 ^ 0 U-l N 0 n3 N

U 0 0 •H
0 0 £ 3 >- E 3 s- = S ^

>i •a s T3 ^ C 3 - 0 3 0 3
iH •H "iT U ^ V) U W
a M (N i- u-i m
a U X L X 0 I- G Lfi U G in M G
3 0 s r~ .-^ 1- CO M
w VO < 2. va < a. 00 < Q,

li-i U-l

0 0 0

a

(3 0

d o
4J

T3

(3 0

-3
G uj

r3 0

T!
O
1-1 00
ra in
G ^
W U

03 05 05 B3 m 03 03 03 03

G 0 0 G G c G G G
>, >• >• >i >i >1 >i >, >i

lU U-l u-l l« UH
U-l u-l «-l "c 'c "c MH

0 _c _0
/^ 0 c 0 0 0

03 03

G c T3 TI T! G TS 13 Ti T3
rH G G G G G G G G
•H S3 03 03 I-I c C -H 03 03 03 03

*J 0 0 0 0 X 0 G -P 0 0 0 0
1—1 - Cu a iH iH rH rH

U U •0 0 0 U U U U
G G G
N ^5 NH •r^ H
L. U >,

TJ T! T3 TI T3 3 3 D TS
G 0 G a) O 03 03 03 G
r-l n r-i '3" —1 ^ 03 1- ^ 03 S-l 00 03 U CO 01 ^
fl in SI m ro n n 0-1 0 rr-, G 0 n G 0 rH 0 00

G i-i G f—

1

G r-l 0 G rH G rH 0 r^ S-i 0 rH i-i 0 00 rH rH
W tj cn U •j: u u 'X. u T3 U a. •0 E2 •3 ca 0 U

r-i 0 as 0 rH

21



u)

0)

-I' . .

-P 0
c 0
QJ

U ^ 1

M 0 o o o o o o
0 ^4

(h 3

+J

c
<U XI
u o o o o o o
c
0
o

0)

g c r- CO CT> O rH (N
•H •H iH iH
t^ g

c
*H

C!

0 M 0H 0 0 0
+J tS ^1

•H -P 1

O c
O 0 M
iJ 0 !-i

o 4-4

M
U
nS

E
0)

g
4-1 0
C 0
0) D5
O M-t 1 o o ,o O O O
l-i 0 C
OJ 1-1

3
m

c

O o o o o O O
C a
0
U

0)

e c O rH rsi ro ^ in
•H •H

g

r*
Ih
•H

S
C H 0
0 0 0 O
•H T3 %4
4-> H 1

(8 S-l c c
U 1^

O 0
U M-l £1

t4 b

00 in in
r~ r«-

61

U

+J
10

U
0)

^.
(U

EH

m
in

tn •
H C
u o

•rl
+J

•• Id

C M
O 4J
H C!
+J 0)

(d U
O C
O O.
^3 U

ii

c a
u u

u
(0

cn (U

•P o-
Id M
OJ 3
M-l o
0) (0

Q
o a
< m

g
Q) 0
T) •• 0
•H 0) Pi
m -o 1 s
•M -H C 0
3 W M 0
O C 3
H CQ *

22



P o
c o
(U Di
O M-l I

M 0 C
(U U
ft 3

03

C
4) X)
o a
c a,
o
u

0)

e c

CO

M

e
(0

05

-P O
C 0
0) «
o c

0) u

w

+J

a
0) XI
o a
c a.
o
u

(U

e cH -H
EH S

C
•HHH
(U

U

0)

P
n
Id
1-1

o o o o

00
o o o o • o

r- 00 CTl O iH V£)

e
M-l O =

o o o
05

c

3 =

U M-l 03

i-i in
in in

u u
e e
0 o
o o
o; 03

o o o o o o o

o o o o o o o

o iH r^i ro "s- Ln 1,0

C

s
^ IH O =

o o o
T3 03
H 4J Iuse
U O U
U 3 !

U g)

b 1^4 h

in ^
r~ r-

e
o

<1) o
T) flJ 03
rH -d I

cn -rH c
U CO

3 C 3
O H P3

to

OJ

!-l

3
+J

<1)

a,
e
OJ

Eh

X3

ro
in in
fH in

c
o
-H
+J

.. (0

C
O -P
•H C
4J (U

(0 o
u c
o o
J u
g g
o o
0 o
K 05

1 I

c c
M U
3 3
03 03

u
0)

s
CO
4J 0)

O

3
Q) O
Q t/3

O •

\D3
<

23



Eh

o

p
1-1

3
S
•H
W
<u

0
ew

i
o
•H
c
o
4J

(0

rtJ

e
Q)

Oh

g

C 0
(U OS
O <U 1 ot^iHi^r^r^voin ro
M 0 c:

0) M iH iHrofOfOVOVOHiH
&i 3

03

4J
C
fl) Xi rH<NW(NCNfnino

c cu rOr-liHVO<X)vf>OOHH
0 iH iH

s c
Oi-(<Non'*inv£)t~-oo<yiOCMfnin

Eh g i-l iH iH iH

,—1

c
Q P 0
rt •r( (U (U M
-P •tJ 0 > 1

(0 m (fl 0 e
0
0 (1) CQ (fl 3
^A ^ .a

to

u
nj

0)

Oh

g
+J 0
C 0
0) Oi
0 MH 1 f»l ro M n
U 0 c
<S) u <N (N CN (N (N <N (N
CU 3

PQ

4J

c
0) ja r- 1^ r~ r~ r~ (~- r~
u a
c a (^ n ro ro fo
0
u

<u

E C
Oi-(cs(^«*invop~ooff>o

EH e H

"0
(Tl 0

0 5
•H M •<-> 0
4J
10 '0 3 M 1

0 •H 0 (fl (0 C
3

M +J J3 <U ^^
H X C 3
0 (U ^

b b b

ir» a>
p~ r~

S
0

<u •• o
Q) Oi

•iH -a I

M -H C
+) M M
3 C 3
O H CQ

3
+J

(fl

0)

O M

tttC O

O tH C7>

iH >i) O C
U iH . -rl

(fl

.. (U

(U 10

3 (U

(0 M
(fl CO 0
M (U U-l

M (U

C
0
•rl

+J

c
0 +J

e e e
0 0 0
5 2 5
04 OS OS
1 I I

c c c
M ^ V4

3 3 3
CQ CQ CQ

24



e
P 0
c o
flj 4-1 «
O 0 I

u c
(U u

CO

c
0) X!
u a
c a.
0
u

-p o
c o
(D a;

o y-i I

o c
0) h

m

4J

c
(1) XI
a a
c a
o
u

0)

e c

in in in
O • • 'inWrOiHrHr-lTH

o(NLn«d'in^Dr~r-r~r-
i-l ro

OrHLflr-iOOOVOtNirMCNrv]

c O rH (NJ rO in IT) r- CD

e

1-1

(tJ 0)

c rH > E
0 -P 0 0H H XI 0
+J -P (d

la cn 1

o OJ c
0 (1) u

4-) (C a
c Cu
H m

1—I r-l 1X1

o o o o o

m ro 00 00 tNj (N
O O O O O • -00 •

O O rH iH

Or-irvjro'q<m>xir^a3(yiO

<:

U
o

•H
M
>-<

0
U

+J

(0

3
IT)

x;
X
H
0

fa fa fa
o o 0

in O
03

e
0

QJ 0
T)
•H 1

to •H c
+J 0)

3 C 3
O H

0)

i-i

3
4-1

(0

u
CO

D.
e

Eh

X5

a
m 00
i-H CT\

U rH

c
o
-H
-p

..

c u
O -P
•H C
4J (U

IT3 U
U C
o o
J u

25



-p

c
0)

e
o
o

O <U IHOC
0) u

cq

c

e c
•H -r^

El e

g
•4-) O
c o

U <+-!
I

M o c
(U H

c
(U X)
u a
c a
o
u

H 'e

oooooooooo <^J<Mt^J(^JC^J^-^r-IH(N^£>0^

i-ti-liHfHi-liH'a'CNfOVO'*'

oooooooocni£>rvji-)oo<yirooooooooooo
i-HHrHi-(iHiHvDm«r(n<M

CN

Or-i<Non'S'LOv£>r~oo<riOrHCNnTtinv£)r^co<riO
iHrHtHi-li-lrHrHrHr-(iH<N

(0

•H > e
4J 0 0H O
P n3 DS
«1 1

<U c
<U U S-l

P
C a,
H m

OOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOO

Or^c^^^o^Ln^or-ooo^Or^(Nn^ln^J5^~ooa^ot-IHHHrHHHHHHfM

1-1

-a -P

< m §
3
(S

o x: u 1

T) (0 c
•H w flj M

2 3
M 0 n
O +1

U

&4 64 iH
O o 00

o in
vD

E
0

4) •• O
T3 (U OS
•H T) I

m -H c
4-1 M (-1

3 C 3
O M CQ

(U

M
3
4J
l«

(U

0
Eh

£1

a
ro o
iH in

C
o
•H
P

•• (0

C M
O 4J

(S U
o c
o o
1-^ u
£ e
o o
0 o
« 0?

1 I

c c

3 3
ffl ffl

26



4J
CO

a;

C
0H
+J

(0

(H
3
e
•H
W
0)

M
O
e
w

<
>
O
•H
c
0
-p
c
<
c
ro

t/1

0)
1-1

m
Eh

u o
C 0
Q) OS
O «-i I

0 c
0) u

3
CQ

-P
c
0)

u a
c a
o
u

0)

E C

c
0
•H •a*

4J

(0

o U
o

e
p o
c o
Q) K
U 4-1

I

U 0 C
0) U

-P
c

u a
c a
o
u

0)

e c

E-i g

fSl (N VD (N (N VO mOOOOOIOIOOIOII ....| •••
r-l r-l r-l in iH CO

o o o o o
00 CO T 00 CO "d" inOlOOIOII ....| ...
1-1 r-l (N r~ 1-1 in 1-1

o 1-1 CM n ^
iH >3' in

VOIOOtTiliHl liHiHiHiHI
CTl O (N
H CM (N

in

iHO 0) o Tjl o
n in ro in ro

U 1 1 CM CM r>j rM r>i

u u w u u U u O U (J

p

o o o o o o
a\ ro ro fO 00 o ro iH o

CM CM PO ro ro ro
•

fO
•

in o
iH

o o o o o o
ro ro o o o 1.D cri o "3" o
T in in in 1X> in in in

•

00
1

•

in
iH

Oi-ifviro^Lnix>r-ooo>Oi—ic-jro^invo[^coo^o
i-ti-liHiHi-li-li-IHr-Hi-IrM

i-i

c
•H

C c 0 e
c 3 0
0 ^ 5H U o c «
4J 0 0 1

(8 T) u c
O •H c <P u
0 ^ rH 3
iJ U 1-) C CQ

0 •iH H
U (U

U

0 0 o

o m O
t- 00

£
0
0

T3 (U 05
H T) 1

tn •H c
-p tn

3 c 3
O H CQ

V

3
+>
la

0)

e
(U

H

27



(0

u

1

g
0

c 0
0) a
u M-l 1

>-l o c
0) u
04 3

CO

c
CJ ^
U (i
C Cj
0
u

0)

g c

H E

0H
-P
frt

U
0
ij

e

g
+J 0
(5 o
(U (§
U IH 1

Iwi 0 C
Q) u

3
03

4J

C
<U XI
U Oi
C CU
0
u

e c
•rH !-(

Eh e

0
•H
4J

(0

O
O

o o o o o o
rrinr--r-r~iJ5VDVovo(j»o^^ooroiHi~-ron(N(Nrooo

iHi-liHr-l<N(N(N(N<Mr0M'inC0CXI00<T\tri(Ti0>OO

o o o o o o
vo<NinLnLn(»ooooooMooinu5mooc»oor~t~»'*r-i

I o

OiHrviro'«a<invor~cncTNOrHr<jro>*invot^oo(yior<iro^in^or-~ootTiOrHro'«a<
iH>HrHi-l.-<i-(rHr-lr-HrH(NCN)CN(N(NfNJtNCV!<Nlnnnp-|

(N= s s 5 s (NfMtNl
u u u u

Tj. o O
"S" in ro in 'I'

(N (M CN (N rg CN ;

U U U U U U

U
o
4-1

la u
'S- > -H
«3* 0) (T3

H +J

U W W

I

-P

03 O

fa-
w

Q
p
CQ

0)

Eh

(N CO <Ti <Ti (N r-OOOO'*'*"! •! .

rH H (N

I-) rg (N rH (N

o o o o
in in 1-1 r-H in CM

<N n <N M

OrHr>4fO'*'Lnv£)t--ooo\o>-ifMM'5i>inysr-coo>o
i-HrHrHrHi-irHHiHHrHtN

M
0)

Tl
C
3

M
O
T3
•r)

O
U

Cn
C
•H
C
0)

a
o

cr^

•H
iH
•H

_y_

O
4J

C
o
u

e
0

I

!h

3
ca

u
3
&i
•H
IP

(1)

(U

(0

c
o
•H
P
Id

o
o

Cd fa b

28



4J

m

En

C
O
rH
-p
Its

i-H

D
e
•H
W
(U

o
e
w

c
(0

a
(0

E-i

4J 0
c o
(1) Oi
O <U I

M 0 C

ft 3
CO

4J

c
0) ^
c; a
o
o

e o

-u o
c o

U M-l IHOC
0) ^4

CM 3
m

-M
c
(1) XI
u a
c a
o
u

0)

e c
•H -H
El e

LT) LD r~ I*

o o o c (0

0
(1) n H

0) 4-1

U in

0
tH 0 >

4-1 0
U c

ro iH 00 o 0 H nJ

n n 0
13 (1) (U

u 4-1 0)

S-l c nJ ^4

(U (0 •H
^^ Ti

!-l Sh 4J (D e
0 Q) M c o
0 V^ = ra 0
T3 -H -H u

c
0 (U (U H c

e ^; 03 Q) u
4-1 O 0 o Cn U
c e U z . e fd £1
0 W 4-1 f. 4-1

0 M H
M-l O >i o O Oo o c O 0
C ITS iH
H O (0 = c u u fa

s* o o n roOOOOOO . • '(NCN • -O
(N00i-l'3''=J<^£)mO
i-i in fH

vD'^rONinLn^Di-iooOOOOOO
•^o^l-lCT^o^•>a'Lnr~
rH ^ in VO iH

inooo'a<voo>ro«*>i>r-iLnr-or-i
rHpHi-(r-frviCMfN)nrorO'3''<a'

MM ^4

0 0 O
+J 4-1 4-1

(U 0) 4J 4J OJ

H rH C C rH
<U <U Q) 0) OJ

•H ^ -H in
tji iji 4J Cn 4J Iji

CC(dCi4rOC!S-lH -H Ol-rl -H a4-rl -rH

SS4->5(04JS(0
3 4-> 3 -P

Wi<OIxiWOCnC0

C C C
o o o
•H -H -H
4-14-14-1

(d (fl (d
4J 4J 4J

M to (0

Q) (U 0)
iji m to M
C ^4 !h ^1

•H 3 3 3
S C C C

Q U U U

c
oH
4-1

(d
4-1

m g
O

<u o
to «
u I

3 C
C ^4

3
U ffl

(U

^4

3
01

PtH fa

<Ti 'S" 00
ifi r-

<u • e
(U o

•H TJ O
W -rH «
4J to I

3 C C

OJ

^4

3
4-1

(d

^4

El

00

C
0
-rl

4-1

fd

M
4-1

C
QJ

U
fi

O
u
e
o
o
D5

I

C
SH

3
CQ

E o
M-f (N
U K

ro O
i-H r~ o

C •• 0)

O S M
•H O 3
4-1 rH to

(d MH to

O Sh (U

O -H iH

e
o
o
«

I

c
!h

3
CQ

U
Q)

>
O

29



g
•P 0
c o
0) Pi
0 M-l IHOC
(U u
CU 3

-P
c
0)

U XI
C D.
o cu
u

a)

Eh e

^ §
C 0
OJ OS
O <U I

0 c
(U h
ftj 3

CO

c
0) XI
o a
c a
o
o

(U

e c
•H -H
Eh e

X!
0
+J

(0

to

•H
-O

0
O
r-l

S
0
o
u

a
u
3
XI

M

?
O

o o o o • o o • .

o o o OOOOiHOOHHO. 1 1-1 O fH O O

^ CO ^
o o o o • o o • •

o o o OOOiHi-HOOtNfMOH^i-tO
iH 00

<N O O

CO <

H (N in t~ CO o inr~ooop>)roinr-cooiH in CO r-l in r- r-l

r-t iH H <N 1" "S- in in in vo

M
0 s4-1

(0 (0

0) > >
u u M U

0 (0 0 (0 0 I-l

4J 0 4J 0 iH -p ro (U fl)

> 0) > 0 -H > H H M
0) > > .HO) -H 0 0
r-l •H H •H OJ rH (U O 0
U n W

S iw
rH

c ><-l

o^ o o <U iH o o r^o a)iHor--<Ti'Hoo •rl r~ (N (N
r-l O (N +) r-t (N O 0(N4Jr-(00r-l ^30<^Jr^ x; o iH

«9' "3- C '3' P JJ in 4J VO t~-

< < CQ H CO « <: <fflHCQm<:<wrt;cQcQwina5 US CO OQ

Si
u
p
Id

m
•H
a
M
o
o

OOO'-O • o
^£>0^ i-lr-IOOOrHr-liHiH(Nt~-CT\000>*«a't~0
^iHr-i Hr-l'» HininH

o^e^<J^o^ffl00oooooo^^>r»»J•c^oo^-(lnlnp»

r-l r-
r^r~OOO(NCM(NfMe01^«*'Oi-HrHr-IPMV0O
r-ir-i r-irir^ fMooooin

r-itNTa-ioi— op^)^voooo(N'9'ooo(N'S'voco"a"0'3*inior-
r-Hi-HrHr-ii-HiMfNtNCNronnp-iforrininininin

§§

0)

M
M
3
C

C
Cn 0
C -H

c c c
0 0 o

+) +S / '
. P 4-1 4-1

Id Id c3 (d Id

+1 P 4-) +J
10 CO (0 10 (0

(U (U (1) (U O (U

rO Bl lOrHrHr-lrHr-lr-lr-l Bl tfl4J(N(N<N (0

•H 4J 4-1 C O -H
S Id Id -H O Id

4J 4-1 (d m 4-1

H M M V4 Id

-I 3 3rHr-lfHr-)rHr-lr-l 3 3>rHrHiH 3>
H C CrHr-lrHrHrHi-lr-l C C (UHr-lr-l C (U

(u (i)a)(ua)(i)(ua) rH(U(u<u rH

Cti(4t4!HlHtil-ilHCC C!-i!hc
H -rl -H -H -H -H -H -H -H
l^^ididididididid

4J 4J 4J 4J 4J 4-1 4J

•H -H C -rl -rH -H
S S "H Id Id Id

Id 4J 4J 4J

H c
S-'4

(d f*i

30

h b (i<

'9' in o
r~ 00

(u •• e
•a 0) o
•H -o o
(0 -H OS
4-1 (0 I

3 C C
O H >H

3

(U

M
3
4J

(d

(U

a.
e
(U

Eh

X)

m

O
in
rH

Id
4J c
Id 0
D •H

p
P Id

(0 M
0) p
Eh c

0
0
c
0
U

0
0

c

3
m

e
MH O
O rM

CO X
rH in s

00 vo
(£) lO o

C •• <U

0 S Sh

•H O 3
P rH W
Id MH !0

U W <U

O -rl M
hJ <



e
4J O

a «
V4 o c
o u

m

c
V XI
u a
e a
o
u

<u cs

O «-i I

u o c

c
(U ^
u a
c a
o
u

•H

JZ x; x;
c C c c c u 0 0
0 0 0 0 0 iJ JJ -p
•r4 H •H •H nj <B 10

•P JJ JJ 4J JJ a a a
ID ra nj (0 CO Ul m

)-< 4-1 p 4J 4J •H •H •H
0 n Ul 01 in CO -0 T! -0
4J

ID 0) (U 0 a Q) u l<

> n CO CO CO CO 0 0 0
^ Ij i-l ^^ 0 0 0
3 3 3 3

u Z z z z Z fci

rocor-4r^r»jinvDO(N'^'

oor^Or^ ^ \D rr\
,

rnffvrgr^ninr^inini^irico

On 1-^ (N
t • O
O fN O O O pH

O m O (N ^
I • o
rH rs) O O iH

c o m in in O IN ro 'a- o in KD O O in ix> O rH
-H
E

IN fM IN (N M in in in rH rH IN r~> m in in

c C c c c on c c c
0 o 0 o 0 rl 0 0 0
-rJ •H •H H •H JJ •H H -rJ

JJ JJ JJ JJ JJ IB JJ 4J JJ
10 10 IB IB IB JJ 10 IB 10

JJ JJ JJ JJ JJ CO JJ JJ JJ
c iH CO CO CO CO CO CO rH CO cn

0 OJ

-H rH rH o <U rH OJ 0) rH (D CO OJ rH 0 OJ
JJ ^ rH ^^ rH CO u CO rH CO CO rH CO i-l CO CO CO

B 0 d) 0 0 u 0 IH O u u 01 t< 3 IH OJ U u
O JJ JJ 3 JJ 3 3 3 3 3 3 z 3 3 3 3
0 H IC ^1 z IB Z IH z Z V4 Z Z u Z 2

> •H O (D > o •H o > O -H H O o rJ
0) IB O o (U l£> IB o 0) ^ IB IB O o o IB o

JJ g i-H UD o JJ o rH lO O JJ o o P o c-^ o JJ o o
ca < < •rj M < cn < w < C/} l£5 1^ 02 C^ < < < i^ C/3

r-r = :: = = : = =

o o . o

o ^ irt T r- I

o o o o o

o o o o o

c C c c c C c c IH

o 0 0 0 0 0 0 0 -H 0
•rl •H •H H -rl •rl rl •H UH 0
JJ JJ JJ JJ JJ JJ JJ JJ
10 10 IB IB IB 10 IB IB OJ IH
JJ JJ JJ JJ JJ JJ JJ JJ OJ

CO CO CO in in CO in CO in
te

c OJ OJ OJ 0 OJ OJ OJ 0) c IB

0 cn rH cn CO rH CO rH in cn cn rH in rH 0 0
-H u Sh l< li ^ u •^^ -H
JJ 3 rH 3 3 ^ 3 rH 3 3 rH 3 rH 3 rJ JJ 0
10 C M C C rH Ih C rH C u C rH IH C rH >H lO c
o OJ 0 OJ 0 OJ OJ 0 OJ 0 OJ 0 u H
0 JJ CP cn 3 JJ tT> 2 CT cn 3 JJ 3 jJ

?g
JJ 0

J 10 c C IH 10 C ti c c Vj IB c u 10 10 rH CO

-rJ -H > -J o -rK -rH > -H -H •H O •H -H o > H .H > •H -H > U
S 10 OJ 3 o 3 10 ttl 3 IB 3 o 3 10 o OJ 3 10 OJ 3 10 OJ U OJ

JJ rH m +J rH JJ JJ rH jj JJ 0
< cn Cd < m < C^l M < C/2 < 03 < 10 03 w < cn w «: cn M 0

m=r = = r = = = = 5 = =

OJ OJ E
"O -0 O
•H -H 0
CO CO IS

(U

01

Eh

.13

IB

JJ
IB c
a 0H
JJ JJ
cn IB

01 U
E- JJ

c
OJ

o
a
0
u
E
0

1

c
IH

3
CQ

e IN
IH I
o

c 3 OJ

o o u
•H -J 3
JJ UH CO

10 v^ CO

O -H OJ

O < IH

i4 CU

E Ij

O OJ

o >

31



. i
c o
0) OS

U 0 c
a> u
CU 3

c
0) ^
u a
c a
0
o

e c

Eh e

B
4J O
c o
0) «
0 M-l IHOC
01 M
0< 3

CQ

c

o a,
c a
o
u

o o o o o o OO^iHOOOfHHr-

o o o o o o OOHiHOOOiHmiN

0) ID

mrsif-tOTHOtNtnrorsjo-fH'Hmro
(NrsirsICN (flCN(N(NCN£NCN fOfMfNfsJ,

02 UJ I

OOOOOOO • -OO .OO
iHi^CDOromfN OS \£> 00 00 I

m (N o> ffi in tn m.OOOOOOO

o 00 O 00 O 00 O 00 O fN in
rH rH (N IN (N m fO ^ d- in in i£>

»^ Ll U
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
-a '0 o n T3 Tl Tl

o (U 0) dj 0) <u (1) 11)

i< J.;

0 0 0 0 0 0 0 0
£ e e e E E B B

to tn tn u in in

tn M Ul m in in u H M in in u
in M in in in 0 0 0 U) in 0
0 0 0 0 0 0 JJ P u 4J 4J 4J 0 JJ 4J 0 •u 4J 4J 18

u u u u c c c c ft) u c C i-i 18 C C -H
0 0 0 u 0 u > > HI b In > 0 a) <S) u > a (1) -U

«) <0 n Id •rt •H H H a H H itj •H •H -H
4J +J U
fO in

- ^, - . ... iu>
SSSSSStN-H+JOO-iJ+JjJtNSjJ+JSr-i+J+JjJO

rHl83«a)333.H 33 rH3
I o u u u u u wsotntnooowuoouwooH

rHr-l4JCC4J4J+Jrq 4J4J H4J
tT>CJ>Cr&>tT't7ill)(Ul800'8l8idlUCril8rflC7i(UI8
c c c c c c CL'H -Hcuaa caac a
-' -H -H 'H -H -H I~- C 4J 4-1 r~ -H -H r-
SSSSStN-H+JOO-W+JJJtNSJJ+JSlN+J"'-33^ 33 rH3

32



NBS-1 1 4A (REV. 7-73)

U .S. DEPT. Of" COMM.
BIBLIOGRAPHIC DATA

SHEET

1. PUBLICATION OR RI-PORT NO.

NBSIR 75-903

2. Gov't Accession
N,-).

[3. Recipient's Accession No,

4. TITLE AND SUBTITLE

San Antonio Veterans Administration
Hospital Smoke Movement Study

5. Publication Date

November 1975
6. Performing Organization Code

7. AL"THOR(S)

Francis C. W. Fung and Richard H. Zile
8. Performing Organ. Report No.

75-903
9. PERFORMING ORGANIZATION NAME AND ADDRESS

NATIONAL BUREAU OF STANDARDS
DEPARTMENT OF COMMERCE
WASHINGTON, D.C. 20234

10. Project/Task/Work Unit No.

4928483
11. Contract/Grant No.

12. Sponsoring Organization Name and Complete Address (Street, City, State, ZIP)

Veterans Administration
Washington, D.C. 20420

13. Type of Report & Period
Covered

Final Report

14. Sponsoring Agency Code

15. SUPPLE.MENTARY NOTES

16. ABSTRACT (A 200-word or less factual summary of most significant information. If document includes a significant
bibliography or literature survey, mention it here.)

A series of full-scale smoke movement experiments was
conducted using a sulfur hexa-fluoride (SF^) gas tracer,
smoke simulation system. The experiments were designed to
study smoke movement in a hospital building with an inter-
stitial space between floors. The penetration of smoke through
ceiling and interstitial space and the vertical smoke movement
in such a building were investigated.

17. KEY WORDS (six to twelve entries; alphabetical order; capitalize only the first letter of the first key word unless a proper
name; separated by semicolons) Experiments; full-scale; gas tracer; interstitial
space; penetration through ceiling; smoke movement; smoke simulation;
sulfur hexa-f luoride (SF, Veterans Administration hospital.

18. AVAILABILITY [^Unlimited

i

For Official Distribution. Do Not Release to NTIS

Order From Sup. of Doc, U.S. Government Printing Office
Washington, D.C. 20402, SD Cat. No. C13

XXOrder From National Technical Information Service (NTIS)
Springfield, Virginia 22151

19. SECURITY CLASS
(THIS REPORT)

UNCL ASSIFIED

20. SECURITY CLASS
(THIS PAGE)

UNCLASSIFIED

21. NO. OF PAGES

34

22. Price

$ 3.75

USCOMM-DC 29042-P74



w I.-

I






